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Studies of different characteristics of turbulence in Biddle atcosphere are 
being carried out at present by means of MGT-radars, by partial reflection* (up 
to 100 k»), radar and photographic observation* of meteor trails (£0-100 km), 
and also by rocket (EO-UO ka) and grenade <30*90 la) oraeureoent s. The Usst 
studied level here is a turbopauws - a transitional ton* between the region* of 
turbulent and non-turbul*nl potion at the height of nore than ICO ka* At the 
•ace tica, regular ionospheric observations of the tporaJic E layer oake it 
possible to get information of the turbopausc behaviour. 

Indeed, the E layer is the only large-resle formation in the nidUtitud* 
ionosphere whose pa^rcraetsr* are for the most part determined by dynamical 
characteristics of the middle atmosphere (CF.KSHKAX et al« t 1976). The region of 
cost frequent occurrence of E coincides with the tone of wind shears rvtxica 
(0VE2CELDI YEV et si., 1976), wind ahesr* being th* source# of hydrcdynaaic 
turbulence at h>100 kn. Thus, the condition* of E^ fornation and those of 
dynamical stability contervatiou prove to be interconnected, a fact which allows 
us to consider to be a natural indicstor of the turbopause. 

An important property of F. is transparence, caured by the scattering of 
radio waves at small-scale irregularities of electron density, those arc froo 
ran don turbulent notions (GERSHMAK and OVEZCKLDIYCV, 1973). The increase of 
turbulence intensity leads to the increase of E inhooogeoeity extent and to 
the increase of tne scattered energy part. It i.r.d* to the increase of E # 
transparence range C*. fi/f. ). WV say iu this respect that the value of the 
transparence range is a ceasure of the turbulence intensity at the height of the 
sporadic layer. Thus, studying E behaviour one can realize soae of the 
characteristics of lover thermosphere turbulence. These statements are con* 
firmed by investigating the dynamical structure of the turbopause by Beans of a 
spectrua analysis method. 

To illustrate the above mentioned, see Figure. 1 where the profiles of E # 
transparence range are given for Ashkhabad, the data having been obtained by 
hourly observatienu iu 1957-65 at daytime (solid line). The dotted iine 
represents the probability of E occurrence at various heights. A common 
feature for all profiles is the*tran sparenc t increase at the height of 90-1C0 
ka, indicating turbulence intensification at this height level. Since a trar.a- 
parcnce range of ltcs than G.l (in relative units) is induced by radio wave 
ret lection from a thin 'ayer but not by a scattering on the irregularities 
(EORSUhOVA, 1974), its corresponding height indicates a level where turbulence 
does not play any significant part, i.e., the turbopause. It is evident that 
the height of maximum K occurrence coincides with .his level within a few 
kilometers. 

Tlae spectra of the critical frequency f Q E g and blanketing frequency 
f.E foe the records of o spaced chain of ionosphere vertical sounding 
staEicno have been studied by means of a tvsxicusa entropy method, while coherence 
tp<»ctra were analysed with the Blackman «u*d Tukey method (ikARA tv NAYEV, 1982). 

It has been found out that the frequency parameters spectrum of E^ within the 
range of 1-10 cycles/h is discrete with one or two maxima (Figure 2). The 
first, a low frequency naxicua with T-40 oin, is of larger amplitude, stable and 



vs 


£^ ;; -yv V :\ 


Hunter of cecurenc* 

^>D 200 




transpareno* rang* 

la relati** unit* 


Figure 1. Height profile* of E s occurrence end 
transparence range (^~b) for Ashkhabad. 


exist* permanently; the second one vith T*10 nin i* lea* stable, occur* 
irregularly and wore often ao within f Q E apectra. further, the first 
naxinua correspond* to a higher level of coherence which decreases as the 
distance between the ststion* increases. Analysing these reaulta in terns of 
the theory of E formation at aid-la ti tudes , one can conclude that the loy- 
frecueocy ruaxicSa ia induced by cellular eddiea, usually interpreted as wind 
shears with horizontal dicenaion* of not core than 300 tea. Irregularity, asal 
amplitude and low coherence in the range of the second naxioum are indicative 
of the fact that turbulence must be its only source. Horizontal dimensions of 
the corresponding eddies, which are about AO kn, nay be regarded as an 
indication of the cuter scale of turbulence. A corresponding spectrtza of 
turbulence in the region of the outer scale* is defined by the expression 
E<k) 4T 3 . 

Figure 3 shows diurnal variation* of (a) the ooet probable heighta of 
and (b) transparence range characterizing the behaviour of the turbopause 
and of turbulence intensity for lusncr eolstic* conditions. It is obvious that 
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Figure 2* KEM power spectra f 0 E s (l), 
f h E s (2) and coherence spectra of 
these parroeters. 


it n id-lat i t tides h— varies vith a srai-diurnal period, reaching its caxicua ®t 
)600 and 1800 LT with an amplitude of *10 kn. As it is clear freo trane- 
psreace range variation., turbulence intensity v.rie. with * 

reaching it. maxima at night. The amplitude of variations fron day time till 
night is by a factor of 3. 

Annual variaticna of the above-mentioned turbopause parcaetera for night 
hour, are represented in Figure 4 where the vertical line, give the di.per.ion 
when computing the average. Figure 4 show. that the character of b^. varia- 
tion. depend, upon latitude. At t<50‘N the turbopau.e height varies with an 
annual period, increasing in .ummer and decrea.ing in winter. , 

beside, a .uner maximum there e/iat. a winter uaxi Cl « a. well. The “plltude 
of variation, incrca.e. with latitude, but doc. not exceed 7 to. Turbu ence 
intensity ha. a semi-annual variation with maxima at .olttice., the 
mtxintn Lplitude increa.ing a. the latitude increase.. Circ lea in ^* ute 
represent the results of the turbop.use height measurement. in the 
experiment. and a snail-scale turbulence (1-5 to) inten.ity, define* by the 
fading meteor trail reflection, for the eorre.pondmg latitude* (TF.nih, 1976. 
Vos ZAHN, 1970; SCUOLZ and QFFERKANN < 1974) ; ROSENBERG ct si., 1973), GOLOK3, 

1 97 4^^S Cl'l AE FER , 1969; TR1HKS et al.. 1978). It may be noted that th«r« «» • 

aatisfactory agremeot in the order of value, of the turbopau.e h “ 

the character of the annual variations of turbulence intensity, measured by 
different method.. Regularities of the turbopauae .pace and time vm.tioa. 
deduced, are also characteristic of the southern hemisphere station., .ttu.ted 
in other longitudinal tones. 
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Figure 3. Diurnal variation* of the nost probable 

Af b 

height* of E s (hE s ) and transparence range (— ) 

for aursaer solstice. 


Thu*, froo the above, one can coco to the following conclu.iono: 

turbulence intensity i* higher at night than in the daytice^ 

the height of the turbopause in latitude* 30-60 N u higher in *uaBer than 

in winter and at equinoxes; 

variation, of the inten.ity of the turbulent procea.e* are charactented 

a. *eni-annual, with uaxina at aol.tice. and mniw at 

the ncplitude of both turbopause psraaeter* increase* a* the latitude 

increases. 
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Figure 4, Annual variations of the turbopause heights 
and intensity of turbulence for nighttine. Circles 
refer to the result* of rocket ceasuroacnts . 
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